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g Technology Evolution

* The global standards for Fuel
Economy and CO, are
converging

 Additional technology will need
to be adopted globally to meet
these very strict goals

wid b MEDL tast ovdls

« Automatic shifting

. transmissions play an additional

‘3 i * Reduced CO, emission equates to role in the future as many new

|- R improved fuel efficiency technologies (autonomy) will

2 *  Global convergence toward 2025 rely on the vehicle to shift itself
: o 205 2ER o B0 0

Source: ICCT
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arket driven results from CAFE regulation and fuel p

.. * Massive shift in vehicle choices driven by
L fuel shortage and CAFE
* Consumers still demand ever increasing
performance in their vehicles
* Increasing demand for torque capacity or

weight reduction to preserve trend?

Year
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Historically, U.S. consumers have |
price of fuel.

een heavily influenced by the

e 5 G TET B 4 i = o
-  Shortages and fuel lines led to external
g?g % %450 demand for vehicles with high MPG
20.0 A %400 Birth of the Sport Utility Vehicle!
JH $3.50 :

27.0 \ §3.00 —  Growth in CUV/SUVs from truck
gg‘g 2”5{} CAFE freeze in 1996 to today is
210 $2. ~4.5M vehicles/yr.
1. eieesieried - $2.00 )
19.0 "N $150 Recent shift back to FE growth: 2008
170 7 " economic crisis and fuel price spike
R o 1975 trend? Or 1985 trend?

o A D AN b DA N D - trend? Or trend!
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Source: US EPA Fuel Economy Trends Report, IHS Analysis © 2017 IHS Markit
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The Agencies assume ~52,500 in cost to comply with 2025
regulation but IHS technology forecasting differs.

e 2021 MY Passenger Car

*  The Final Regulatory Impact Assessment (FRIA) 0%
for 2012-16 and 2017-25 indicate a cost to
comply for the industry at:

# MHTSA

Production %
5

=
.
.
.
—  $907 for the ‘12-'16 regulation B
f ¢ ’2 . 343 %
— $1,361-$1,577 for the ‘17-"25 regulation - %
L4
.
.
Table V-150 Penetration Rate of New Technologies to Passenger Cars, by Bascline Model 0%
Year and Alternative, Jonn oy —c 3
Preferred Alternative - Passenger Cars - 2008 Baseline e < assenger Lar
123 bifcso-Hybeid {Stop-Start) sy s | oew | % | oow | waee | 1 | 15 | 3% 3 . Agencies cost =EPA
Integrated Staater Genenvor - - g 0 e 55 s | 1ees | t7ee | ovaes Jg b 7; for 2021 PHEV: . 54
Rprong Hybrid - Level 1 s - % pony v v g . 'g 23 ~ $ 1 0, 0 0 O 2
Conversion from SHEV! o SHEVZ SEHES y"‘ﬁ‘* v g o % e % 1?\$ a. &, 3 £ a TRR
Strong Hybrid - Level 2 e . 0 . o5 o 0w | s | o E%“‘% s § 1S Marka
Plugem Fiytod - 395 a6 sange § s . N - . i N N ” §
S FHg O % e 0% P 62 D% % % e % N
Flog w Hybnd »y\ 0% | o% | 0% | o | e% | 0% | @ | o% | o § \%\\
Electris Velurls (Early Adopter) - 75 mile rangs o T . o o o . o o @ﬁ’ i & A
v i % : i

Source: 2012-2018 FRIA, 2017-2025 FRIA
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The effects of GH
customers...

ipacting

L28 B0 US Average Amount Financed B8 Us Average Loan Length (months) 2B% US Lease Share of New Vehicles
28,000 250y,
&7 BO0
$27 000 24%,
$26,500 a2%
$26,000 ,
e e 20{3‘?)
28 800
328,000 18%
324,500 8%
24,000
n R 14%
$23.500 = v ©
- @ o om o e fEo % W W g S R o T A S B s = ¢ £ F £ £
S 8 5 &z & & & & © E 8 5 5 58 & B & & 8 8 B 8 8 8§ 8
% s 8 HE R E R & 8 foRONON N NN & &
Since the release of the final rules on GHG Consumers are flocking to longer loan Consumers who do not purchase
and CO,, the average new vehicle price is terms to offset their monthly cost of the vehicle can see lower monthly
up >10%: ADAS, electrification, and ownership payments via leasing as well
consumer technology cost still have not
been full realized Sources. Federsl Reserve Bank, THS Markit ) &
. ) I 1th International CTI Symposium, May 2017, USA WCT!
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* 3 and 4 speed automatics
dominant for 30 years

FO%

* Rapid design cycle changes B0%

over the last 10 years to covn
support CAFE/GHG

regulations 40%

* 8, 9 and 10 speed designs to _—
proliferate and dominate
over the next 10 years. 1o

0%

BeEe /s\, o
{g) on Qo) Qo;/ S*-\")?,

Loy A %o B % ~ o
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Vehicle electrification levels are also undergoing significant

change.

0%

* The internal combustion
engine was all the US market
consumed until the first
hybrid (Prius) in 2000.

B0%

 Step change in market
adoption with Start/Stop
functionality: Improved AT
designs needed!

 EV’s and Fuel Cells are not

10%
expected to proliferate.
09
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Ys 2012-2016 Performance

Model Year (MY) 2016 is e I
projected to be the first year, .1 . 28 . CiLight Duty Trucks -
since the latest rule-making was £2 10 14 g OCombined fleet -
implemented, that the U.S. £ N = I 1, o
combined fleet Corporate £ 02 ! 02 o7
Average Fuel Economy (CAFE) _
and Greenhouse Gas (GHG) =0 N
standards will not be achieved %20 [+ 12 EI S ) no
based on the performance of the : iz 2 2 2
MY 2016 fleet alone. Carry- E —8‘ _______
forward, carry-back credits will 220 1 < o= vorse than standard o
be required for compliance. 30

2012 2013 2014 2015 2016
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Future Standa

* The GHG performance for the
MY 2016 U.S. light duty fleet is
estimated to be 269 g
CO2/mile versus a 260 g
CO2/mile standard.

» Assuming changes to fleet mix
and footprint, the combined
fleet GHG standard is
projected to drop to 173 g
CO2/mile (51.7 mpg) for MY
2025, 33% lower than the MY
2016 performance.

425
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Greenhouse Gas Emissions [g CO,/mile]

~J
U

125

Actual GHG performance from EPA and Novation Analytics
Future requirements from IHS-Markit & Novation Analytics include estimates for fleet mix and

| footprint
\ >  estimated GHG requirements
!
S
-
=
~ S '
Ry Light Truck
. “
o b g
Combined . ORI VOO
L ™ o - 204
actual - . o
e o
T 51.7 mpg 173
Passenger Car — i m LI
el o
U.S. Light-Duty Fleet (46 ©

2010 2012 2014 2016 2018 2020 2022 2024 2026

Model Year

Sources: BMYs 2013-2015, BR& MY 2015 Movation Analytics, for the Alliance of &utonmobile Manufacturers and the Association of Global Automakers (1Y 2018 Bageline
Srudy, December 20, 2018) MYs 20 7-2025, IHS-Markit and Movation &nmbtics
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* Until MY 2016 the GHG 15

10 165 7.3 g o Projected performance based on technology =
performance for the U.S. light B 5 o il ol forecastand credi assumpdons
duty fleet has over performed E‘ 5 <0 worsetan
relative to the standards. 8 s srandard s

* Given current technology and 520 1 pasenger cars ey, =

credit forecasts, the MY 2025 o

U.S. light-duty fleet is projected 0 P

to under perform the GHG : 0 E— ey 08 - g

standards by 23% (33 g L T e i =

CO2/mile for passenger cars 230 ] — R S

and 46 g CO2/mile for light 25 | e Py Trede tae
tFUCkS). 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Sources: BMYs 2012-20615, MHTEA MY 2018 Movation Anabytics, for the Allance of Automabile Manufacturers and the Sssociation of Global Auromakers (MY 26
Hasaline Study, December 28, 3018Y; PP 2017-3025 HE-Markit and Movation Analytics
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MYs 2012 to 2016

Agency Transmission Assumptions |

* The first phase of the U.S. final . \ ‘ Values are production-weighted
rulemaking (MYs 2012-2016) %0 7 122 speed Automate Trans, |
were based on technology 7 % o
pathway assumptions. § 10 e wzp”

* The assumptions for % 60 TF ™ 58,6,;’??
transmission technology are 2 5 L. FiNovation Analytics Baseline Studes
shown (red lines) against the § 40 s T e e o T
actual fleet deployment (orange € L Lhss bog B4 53 P f
bars). . S FrrTTYTS

* DCTs didn’t dominate the 0 . .
market as assumed, rather Ninl %f“‘ffﬁfi's 0 e BE gwomm b4 e ges | |
OEMS focused On automatics 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016

and CVTs.

Sources: WNHTS& MY 36 Novation Analytics, for the Alllance of Automobile Manufacturers and the Association of Global Automakers (MY 3014 Baseline Study,
Diecember 20, 2018}, MYs 2017-3025 HE-Markit and Novation Analytics
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Ys 2012 to 2

zency | Assumptions |

. . 100
® The assumptlons fOF h)’bl‘ld ] ) Values are production-weighted
90 A LiNovation Analytics Baseline Studies
technology are shown (red = \folpe Pathway (MY 2012-2016 FR)
lines) against the actual fleet 7 ¥
deployment (orange bars). g 0
* Mild hybrids didn’t increase in 3 60
market share as assumed, 2 50 4 sh-Electric Hybrids (all) |
rather OEMs focused on other 2 40 £ Mild Si-Electric Hybrids (0} |
fuel efficient technologies. g 5 SO S
3 & zs.imif'z
o 20 11&3,.@ 8.7 % %Power—SpIitSl-EIectriC Hybrids
12;5‘,4” 11.5 ’@
&
10 S et 21 43 44 44 44
o HEIL Bl mm ww ew o1 01 o1 00 oo AT FRTI A5 G,
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016

Sources: MHTSA MY 2016 Movation Analytics. for the Alliance of Automebile Manufacturers and the Association of Global Automakers
(MY 2016 Baseline Brudy, Decernber 20, 2016) MYs 20172025, IHS-Markit and Movarion Analytics
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EPA’s Technology Pathway to MY 2025

* Relative to the latest IHS-
Markit forecast (which is not
projected to comply), the EPA
pathway included with the
Proposed Determination has

B Electric
far less stop-start and roughly .
. # Hybrid-Full Plug-In

half the penetration of full and o

. . . # Hybrid-Full
plug-in hybrids. However, mild 28 Hybrid-Mid
hybrid share was approximately [11CE: Stop/Start
double the IHS forecast. 1ICE
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er of Model Year 2025 Compliance Pathways

* Unconstrained by cost & consumer acceptance
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odel Year 2025 Compliance Pathway | Mild Hybrid Focused

 Scenario Assumptions: 100
— CI, full hybrid, & electric 90
deployments equal to MY 2016 but 80
with improved efficiency for Cland & 70 S Electric
full hybrid. S 60 oo “ Full SI-E Hybrid
< - ybri
— Sl non-hybrid powertrains achievea ¢ 50 86.2 7 Mild SI-E Hybrid
fleet average efficiency of 25% g 40
o)
(current top 1%). 2 30 oroned S
— Improved efficiency mild hybrids are 20
added until compliance is achieved. 10 289
* To achieve compliance with this 0 8.0 ;
scenario, approximately 75% of the Passenger Car Light-Duty Truck
fleet would require application of mild
hybrids.
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odel Year 2025 Compliance Pathway | Full Hybrid Focused

 Scenario Assumptions: 100
— Cl, mild hybrid, & electric 90
deployments equal to MY 2016 but 80 o 348
W|th Improved efﬂC|ency for CI and g TO o OElectric
mild hybrid. % ol . — e i
— Sl non-hybrid powertrains achieve a g 50 “:Mild SI-E Hybrid
fleet average efficiency of 25% S 40 Zlmproved Cl
(current top 1%). E 30 64.| - Advanced 3|
— Improved efficiency full hybrids are 20 - - Improved S
added until compliance is achieved. 10
* To achieve compliance with this 0 ;
scenario, approximately 40% of the Passenger Car Light-Duty Truck
fleet would require application of full
hybrids.
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odel Year 2025 Compliance Pathway | Advanced SI Focused

 Scenario Assumptions: 100
— Cl, mild hybrid, & electric 90 79
deployments equal to MY 2016 but 80
with improved efficiency for Cl and & 70 - - Electric
mild hybrid. £ ¢ “ Full SI-E Hybrid
— Sl non-hybrid powertrains achieve a g 50 “:Mild SI-E Hybrid
fleet average efficiency of 28% S 40 87.0 Slmproved CI
(diesel-like efficiency). E 30 710 - Advanced Si
— Improved full hybrids are added 2 - Improved S
until compliance is achieved. 10
* To achieve compliance with this 0 ;
scenario, approximately 20% of the Passenger Car Light-Duty Truck
fleet would require application of full
hybrids.
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